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It is generally known in the art that certain 
specific steroids may be used for the treat- 
ment of asthma, for example, hydrocortisone 
and prednisolone have been used as an aerosol 
suspension. (See for example J. 
(3)^14—221, 1958). Other steroids which 



aerosol formulations which — 
fluorinated and chlorinated M^^J^ 
Dclhnts. This heretofore unknown crystalline 
EnTmay be prepared bv contacting any of 
other polymo^hic forms of fiomsolidc 
w*h a rahSk Tsolv'cnt for a sufficient period 
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(71) We, SYNTEX (U.S.A.) INC, a 
Corporation organised under the laws of the 
State of Delaware, United States of America, 
of 3401 Hfflview Avenue, Palo Alto, Cali- 
fornia 94304, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted Co us, 
"and the method by which it is to be pa- 
formed, to be particularly described is and 
by the following statement:— 

This invention relates to a unique crystal- 
line form of flunisolide, a process for prepar- 
ing the novel crystalline form, treatment of' 
respiratory diseases using this form and 
therapeutically useful preparations co ntaining 
this unique form. 

Flunisolide is the common name of a known 
compound, 6a - fluoro - 11&21 -cuhydroxy - 
16a,17a - isopropylidenedioxypregna - M - 
diexxe - 3,20 - dione. The compound and 
procedure for making it are described in 
United States Patent 3,126,375 to Ringold et al 
(UJL Si>ecincation No. 920,503). It has aoti- 
inflammatory, glycogenic, thymoliric, andr 
25 estrogenic, anti-ondrogenic, and anti-pruritic 
activity and has bad primary utility in the 
treatment of topical inflamed conditions. The 
compound is previously unknown Co be poly- 
morphic but a has now been discovered that 
30 there are several polymorphic forms, one of 
which is particularly stable in the presence 
of aerosol propellants so that it may be readily 
formulated to form an aerosol which is parti- 
cularly valuable in the treatment of respira- 
35 tory diseases such as bronchial asthma, allergic 
rhinitis, and others which respond to treat- 
ment by suitable steroids. 

It is generally known in the art that certain 
tpedfic steroids may be used for the treat- 
of asthma, for example, hydrocortisone 
and prednisolone have been used as an aerosol 
suspension. (Sec for example J. AUer^ t 29 
(3), 214— 221, 1958). Other steroids which 



40 



have been used in various formulations in- 
clude dexmethasone phosphate (See U.S. 
3,282,791 to Macek; I Allergy, 34 (2X U*T 
126, March-April, 1963), 
valerate (see JAMA, 731 (4), 406-407, 
January 27, 1975( and triamcinolone acetomde 
«7 Atom, JS d> i r 3. JW 
February. 1962 and American Review of itts- 
Disease, 109, 53fr-543, W4). It is 
also known that beclomethasone ^propionate 
(9b - chloro - 166* • methyl • prednisolone - 
17*21 - dipwpionate) along with certain 
other steroids such as fluodnolone acetouidc 
(6*9* - difluoro - 11AH - dmydroxy - 
16*17* - isopmoyU^nedioxy - pregpa - 
diene - 3,20 - dione) may be used m aerosol 
formulations as taught in German Offcnle- 
gu^sschrift 2320,111 (UJC Specification No. 
1429,1841 However, that patent teaches mat 
if these steroids are placed in the aerosol 
formulation without previous treatment me 
particles tend to increase in size and deposit 
on the sides of the can or atom; the throat 
of the release tube and may ultimately plug 
the tube or change the concentration oftne 
aerosol released. Thus, that patent teaches 
that if the steroid is first solvated according 
to the process described, the solvated steroid 
does not tend to increase in particle sixc 
nor drop out of the dispersion in the aerosol 

f ° h hafnow been found that AumsoWeis 
useful in the treatment of respiratory dtoeases 
such as bronchial asthma, allergic rhinitis, 
nasal polyps, and the like. It has also been 
founder a unique c^dhne fotm .of 
flunisolide may be prepared which is stable to 
t^uXformm^ which use suitable 
fluorinated and chlorinated hydrocarbon pro- 
DeQants. This heretofore unknown crystalline 
form may be prepared by contacting any of 
thTomci pol^norpbic forms flunisolide 
with a suitable solvent for a sufficient period 
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of time to form the crystalline form which 
is readily dispersed for use in the treatment 
of bronchial asthma, allergic rhinitis or other 
respiratory ailments. 

The compound which is useful in the pro- 
cess of this invention for human respiratory 
disorders is 6a - fluoro - 116,21 - dihydroxy - 
16a,17<i,2' - propylidenedioxy - pxegna - 1,4 - 
diene • 3,20 - dione (hereafter Flunisolide) 
represented by the following formula: 



H 2 OM 
O 




-0V' CM J 



The unique crystalline form of this inven- 
tion is referred to hereafter as form A. One 
aspect of this invention provides form A of 

15 flunisolide, a process for preparing it, and 
pharmaceutical compositions containing it. 
The particle size of the unique crystalline form 
is suitably less than 100 microns (98% or 
more of the particles being less than 100 

20 microns), and preferebly less than 25 microns. 
The particle size range of up to 10 microns 
is best for uniform dispersion of form A 
in a suitable fluorinated and chlorinated 
hydrocarbon. The crystal structure has an X- 

25 ray diffraction pattern as indicated in Table 
A* below. 

TABLE A 



30 
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I/I. 


H 


A 


% 


dcg. 


10.04 


50 


4.4 


9.82 


60 


43 


930 


80 


4.8 


7.69 


50 


5.8 


6.91 


50 


6.4 


632 


10 


7.0 


558 


90 


7.4 


533 


100 


8.0 


5.21 


60 


83 


5.06 


60 


8.8 


4.79 


10 


93 


435 


70 


93 


433 
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103 


4.13 


10 


10.8 


355 


10 


113 


3-86 


5t 


11.5 


3.70 
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12j0 


3.63 


10 


123 


336 
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133 


330 
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133 


3.21 
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135 


3.03 
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14.8 


2.88 
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153 


2.67 


2b 


16.8 
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2.60 
2.56 
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231 
228 
2.13 
2.10 
1.97 
1.88 



I 
1 
1 
3 
1 
1 
1 
1 
1 
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A general discussion of the theory and de- 
finitions as well as the general procedure of 
X-ray diffractometry is set forth in the mono- 
graph at pages 902—904 of the National 
Formulary XUL 

The above X-ray diffraction pattern was 
made using a Siefert Debeyflex Universal X- 
ray generator Catalog No, 2200 having a cop- 
per anode tube with a nickel filter and a 35 
mm Nonius camera having a 114.6 mm dia- 
meter. The readings were taken using the 
ground powder of flunisolide placed in a 
suitable capillary tube having an inside dia- 
meter of about 03 mm mounted in the X-ray 
beam. The crystal structure of the ground 
flunisolide exhibits a regular 3-dimensionaI 
pattern in which the atoms and molecules of 
which are packed together. In the above dif- 
fraction pattern the symbol °d" is the inter- 
planar spacing, that is the distance between 
parallel planes in which the atoms of the 
crystal lie. The spacing between the planes 
in the 3-dimensional lattice it determined 
from the X-ray diffraction. The dimensions 
of the spacing* arc given in terms of 
angstroms (A). "0" is one half the angle be- 
tween the primary beam projection and the 
diffracted beam while the ratio "l/l" is the 
relative intensity of an X-ray maxima in which 
T* is the intensity of the maximum corres- 
ponding to the indicated "d" value, and 
"I" is the intensity of the strongest maximum 
of the pattern. The intensities in this case* in 
which a film was used was compared with a 
calibrated scale. 

As pointed out in the above monograph in 
the National Formulary XIII t in powder dif- 
fraction work, intensity data are intended only 
as a guide to strong and weak X-ray maxi- 
mum. They may vary much from laboratory 
to laboratory by as much as about 25%. Fur- 
ther, the errors in data for interplanar spac- 
ing! ( w d n value) vary according to the size 
of the spacing. The error in "d is inversely 
proportional to "6". Variation of the observed 
"d w value from those given in the Table A are MO 
permissible up to a magnitude equivalent 
to ±03° B (for a copper target X-ray tube), 
which was used in the determination of form 
A. 

As pointed out previously it was not hcrc-to 115 
known that flunisolide existed in polymorphic 
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forms, thus each of the forms defined herein- 
after are newly recognized entities. 

Form A of flunisolide may be obtained 
cither (1) by recrystallizing the compound 
5 from a suitable, aprotk, non-polar solvent or 
d) by contacting rnicroniied particles of any 
of the other polymorphic forms of flunisolide 
with a suitable liquid, aprotic, non-polar com- 
pound in which the flunisolide docs not dis- 
10 solve to any substantial extent, typically a 
liquid halogenated alkane, for a period of time 
sufficient to convert the other polymorphic 
form to form A. . 
It will be recognized by one acquainted 
15 with solutions that a compound loses its 
crystalline identity when going into solutions. 
It has been found that Form A is the form 
which is taken whenever flunisolide is re- 
crystallized from a solution in a suitable sol- 
20 vent The flunisolide must, of course, be sub- 
stantially soluble in the solvent from which 
Form A is precipitated. 

Particularly valuable as solvents from wntcn 
Form A is recrystallized include the haloaen- 
25 ated hydrocarbon solvents which arc liquids at 
room temperature, particularly the chtoruiated 
lower aliphatic hydrocarbons, for example 
methylene chloride. The process simply en- 
tails dissolving any of polymorphic forms of 
30 flunisolide in a suitable solvent and forcing 
the crystallization of the flunisolide to develop 
Form A. The crystallization may be done 
by forcing the flunisolide out of solution, e.g. 
by adding another solvent in which flur^olide 
35 is less soluble, such as a suitable aliphatic 
or aromatic liquid hydrocarbon. Suitable 
aromatic hydrocarbons include benzene and 
toluene, while suitable aliphatic hydrocarbons 
includes those of medium carbon chain length, 
40 t2. 6—12 carbons and may be branched or 
straight hydrocarbon. Examples are iso-octane, 
hexane, heptane, nonanc, decane and octane. 
Iso-octane is particularly effective, Le. 2J.fi - 
trimethyl pentane, 
45 The conversion of flunisolide to Form A 
by contacting any other rnicroniied poly- 
morphic form of flunisolide with a suitable 
non-solvent liquid was truly surprising since 
in such a process, the crystalline structure of 
50 the other polymorphic forms is not eummated 
by solution, but it appears that form A is 
formed by an internal crystalline rearrange- 
ment without an mtermediate destruction of 
the old crystalline structure and without fur- 
55 ther particle growth. Compounds found to be 
particularly valuable for effecting the conver- 
sion are the halogenated lower aliphatic hydro- 
carbons, especially those known as the Freons, 
a trademark for a group of halogenated hvdro- 
60 carbons (usually based on methane or ethane) 
c ontaining one or more fluorine atoms widely 
used as non-toxic propellants. Particularly use- 
ful are, Freon 12, Freon 114 and matures 
of these two as well as mixtures of these two 
65 with other Freons such as Freon 11, Freon 
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22, Freon 113, Freon 21, Freon 13, Freon 
C318 and Freon 115 {as identified later). 
Other compounds which may be included 
are non-toxic, lower alkanes containing up to 
5 carbons such as butane or pentanes^ 

Form A may be prepared either prior to 
forming the aerosol formulation or it may be 
prepared by contacting a micro nired form in 
a suitably-sized particle with the propellant 
under conditions suitable for maintaining the 
propellant as a liquid. Since the unique form 
A of flunisolide is formed by contact with 
certain liquid propellants (e$. Freons 12 and 
114) which are ultimately used for the formu- 
lation, it may not be necessary to first prepare 
Form A before formulating. All that is re- 
quired is to rnkronlze the flunisolide to the 
desired particle size, Le. less than about 100 
microns, more suitably less man about 25 
microns and preferably less than about 5 

microns. , 

It appears that the conversion of the other 
polymorphic forms of flunisolide to form A 
begins soon after contact with the suitable 
liquid compound. Substantially complete con- 
version is obtained in two weeks at room 
temperature and about 50 psig in the Freons. 
Since the Freons are generally gaseous at 
room temperature care must be taken to 
employ conditions which will retain the 
Freons as a liquid. Thus temperatures below 
their boiling point must be employed or the 
compounds must be kept under pressure suffi- 
cient to maintain the compounds as liquids. 
This is generally done simply by employing 1W 
methods known in the art for preparing 
aerosols. The flunisolide is first rnicronized 
to the desired particle size and the aerosol 
"bombs" or dispensers are prepared according 
to known methods as discussed hereafter. m 
Thus, if the flunisolide is not in Form A 
to begin with, the conversion takes place 
after the 8erosol dispenser is prepared. 

As pointed out previously, it has been 
found that the form A is formed by con- l Hi 
acting any of the other polymorphic forms 
cffiuWuide with the suitable sohent as 
delineated above. It is surprising to find that 
this occurs since form I upon hea*g up 
to about 200° and cooling the flwuwlid* back 115 
to room temperature will be trarisformed into 
form B which seems to be the most stable 
form as a free solid, that is under air. Form 
B has the X-ray diffraction partem as set 
forth in Table B. 
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TABLE B 
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deg. 


8.84 


1 5.0 


7.82 


80 5.6 


7.08 


60 63 


6.80 
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6.10 


80 


73 


5.90 


80 


7.5 


4.79 


100 


93 


4.44 


100 


10.0 


4.13 
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10.8 


3.78 


1 


11.8 


3.49 
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12.8 


3.08 
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14.5 


2.88 
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15.5 


1.78 


50 


26.0 


1.73 


2 


263 


1.70 


2 


27.0 



Another polymorphic form referred to here- 
in as form C also exists which may be sub* 
stantiaUy pure flunisolide or it may exist with 
a certain amount of methanol included in the 
holes of this particular crystal lattice, thus 
forming a methanol chlathrate, The X-ray 
diffraction pattern of form C is given in Table 
C Form C may also be converted into stable 
form B upon heating to 200°C and cooling 
to room temperature. 

TABLE C 
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e 

deg. 
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10 


33 




8.84 
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100 
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10 
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3.78 
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11.8 




332 
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14.0 


40 
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143 


2.88 
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2.79 
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Treatment of Respiratory Diseases 
Another aspect of this invention provides 
flunisolide as an atomisablc solution in a 

45 pharmaceutically acceptable solvent suitable 
for nasal or inhalation administration, and 
containers containing such compositions and 
adapted for nasal or inhalation administration 
of their contents. Treatment comprises 

50 administering by inhalation a therapeutically 
effective amount of flunisolide to a person hav- 
ing a respiratory disease which responds to 
such treatment. The inhalation may oe either 
bronchially via the oropharynx (orally) or 

55 nasally but is such that a sufficient amount 
of the compound comes in contact with Che 
afflicted area to cause an improvement in the 
condition. The portion of the respiratory tract 
afflicted may be the nasal chambers, trace ae, 

60 bronchi, lower air passages, or brochioles. 



It appears that flunisolide is effective in the 
treatment of bronchial asthma, bronchitis, 
pneumonitis, occupational lung disease, 
allergic rhinitis, nasal polyps, and seasonal 
hay fever. 

in treating respiratory tract allergies which 
are located generally primarily in the nasal 
area such as allergic rhinitis, nasel polyps or 
seasonal hay fever, a therapetically effective 
amount of Flunisolide is sprayed into the 
nasal chamber optionally while die person is 
inhaling through the nose, inhalation not being 
necessary in each case. In the case of afflic- 
tion of the trachea, bronchi or bronchioles, the 
active ingredient is most effectively adminis- 
tered by releasing 8 metered dosage of aerosol 
(L&, a gaseous suspension of solid particles) 
within the mouth of the patient and having 
the patient inhale at substantially the same 
time so that the mist is taken Into the mouth 
and the active ingredient is administered to 
the respiratory tract. 

Generally a therapeutically effective ai 
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(mg.) to about 5.0 mg per person per day, $5 
preferably O— .05 to 025, while for other res- 
piratory diseases about 3 mg to about 5 mg. 
per person per day and preferably 1 to 2 
mg. per person per day is effective, The 
amount may be administered all at one time 90 
or in several smaller portions at designated 
times during the day. The smaller portions 
may be anywhere from 0.01 to 1.0 mg. per 
dosage. The exact dosage will vary with, te., 
the severity of the condition, the particular 95 
formulation used, other drugs used, and the 
.individual involved. 

Flunisolide may be formulated using, any 
•method that is generally known in the art 
such as an aerosol or an atomizable liquid 100 
and thus may be a solution, dispersion or 
suspension in a suitable liquid carrier packaged 
under, super atmospheric pressure with a 
gaseous propellant for release as a gaseous sus- 
pension of, eg. solid particles (aerosol) or 105 
packaged under atmospheric pressure as a 
squeeze bottle or an atomizer, a rigid bottle 
equipped with a pump valve for dispersal of 
liquid droplets. 

Thus a preferred aspect of this invention HO 
is 6a * fluoro- Uft21 - dihydroxy - 16a,17a - 
Isopropylenedioxypregna • 1,4 - diene* - 3 JO - 
dione of a panicle size of less than 100 
microns, preferably less man 25 microns, in 
particular less than 10 microns, in an aerosol 1 1 5 
composition containing 0.001 to 20% by 
weight (calculated on the basis of the tool 
composition) of said steroid, said composition 
being In a container adapted for administra- 
tion via inhalation. In this respect the de- 120 
guidon of a particle size of less than 100 
microns (or less than 25, or less than 10 
microns) implies that at least 89% of die 
considered particles have dimensions ranging 
between the size of a single molecule (and 125 



1,525.181 



therefore includes solution,) and the size of employ ^"^^^ttitT^ 

an aggregate d molecules, said aggregate hav. do not posses an HLB rauo withm fcoe 

Z a tosion of lessen 100 microns (or ranges, providing they are used in «njunc- 

tel than 25, or less than 10 microns, respec- tion with odier .luitaMdnc ageuB wbtdi 

5 tJveh?> have an HLB ratio which will provide a mil- 70 

In the case of aerosols, contrary to the rare having an HLB ratio within the pie- 

teaching of the German Specification which scribed range. 

requires the solvation of betamethasone dl- Those surfare-active agents which are 

Sptott or fluocinolont acetonide before soluble ordfapersabte .1* MWPfhm « 

10 Formulation, flunisolide need not he solvated effective. The more propellant-soluble surface- 75 

X to formulation since, surprisingly, it active agents are the most effective. I is also 

C not appear to be piqued wnh pro&m, important that the surface-active agent should 

of crystal growth in the aerosol formulation, be non-imiating and non-toxic. 

G^erdly, if an aerosol is employed the . We hove found that amo^Dg the UquJ no^ 

15 flunfaolide ' will be a finely<livided .soUd took t^ace-a^ve ^ wruch may be 80 

material or powder suspended in a suitable employed in our c^posiuons w the esws 

Uquidincd propcllant which also serves as a or partial Men of fatty sods conoh^from 

spending mfium with a non-ionic surface 6 to. 22 carbon atoms, sues as «»£ 

actiw agent which is a liquid at ambient tern- lauric, palmitic, stearic, linotoc, Imokofc, 

20 S Typical of the self-propelling eleostearlc and oleic adds with an ahphatfc 85 

EwdTdispK composition, whicTarl polyhydrk alcohol or its ^c ^vdride^di 

known in the art are thosT disclosed in U.S. as, for aamrie, ethylene glycol 

Sation 3.014,844 to Thiel et al or U.S. erymritol, arabttol, »*M the 

Spedtotion 3^22,625 to Shimmin. • hautol anhydrides ^nvedfrom wrbrtdOte 

25 More soecifiraHy. in the aerosol compos!- sorbitan esters sold under die trademark 90 

tio2 whiK u&ul m the procesa of'mia "Spans") and the 

kvention the active ingredient Is generally oxypropyleMdenvauvesct »;™»2 

a finely divided powder and may constitute eaten, such as mixed or wtuidtfyceridei 

from a W 0.01 to about 20% b> weight of ma; be employed The 1"*"^!^? 95 

30 the total composition. A particularly suitable acrive * c 0 ^LL^^P 

range is about 0.05 to about 10% and pre- jbore sold under to trade^ * 

tobly the range will be about 0.1 to about (Sorbitan tfsquiokatt), Span 80" 

fTZ w^Tof the tool composition. monooleate) and "Span 85", (sorbitan tn- 

GeneraUy, the particle size of the finely oleate). . ^ 100 

35 diddedrofid pow<fe should be large enough • Specific examples of other '"rface-acnve 100 

sod* they ^deposited in the respiratory agents which may be employed are 
met and not exhaled by the patient after 
inhalation. Also, for best results, the size of Sorbitan monoburate 
the panicles of powder should be substan- Pdvoxyethykne soA.td tetudeatt 

40 dVu^onn. Pdyoxyethylene sorbitol pentaokate 

o^ wS desirably between 025 and 5%, which is a gas at room temperature (oVR) 

3 rrablv for DUTOOses of treating tea- and atmospheric pressure (760 mm. of mer- 

45 St^dtoL. ^SSouToSlS 1% on,). Le/it ahdf have a boiling point ^betow 

bTweLht d the total composition, the re- 65'F. at atmospheric pressure and i» non- 

mdTdefoi rhe imposition tdng d* liquifield toxk Among the suitable liquified propdUnts 110 

J7 which may be employed are the lower alkanes 

TOesurfactant employed is preferably a oontaining up to five carbon atoms, suds as 

50 liauid! non-ionic surface-active agent and butane and ptmtane. /Ihe most smtabje Utjui- 

& have m hydropnfle-Upopltik balance fled propellants are the fluonnated and fluoro- 

SS S "leT dJ. 10. TheHLBrauo chl/inated tower a™* «*« "« 1,5 

isln empirical number which provides a under the trademark 'Trecn . Matures tftte 

guide tothe surface-active properties d a above mentioned propellants may suitably be 

" i^t^Sc^"^^ ~ ^^temphted tha the fluorinated or 
v^Tme bigbTthe HaVffi the more Buoroclikmnatedlow«^*h^ 120 
hShnk X agent Tbe HLB ratio fa more than four carbon atoms and at Je« 
^TCown and understood by the coUdd one fluorine atom. The preferred baiogen- 

60 2temst and its method of detennination fa ated lower alkanc : compounds may be repre- 
described by W. C Griffin in the Journal of seated generally by tbe formula CjW2,P„ 
Ae&riew of Cosmetic Chemists, vol 1, wherein m fa an integer less than 5. n fa an 125 
No Srelees 3U--326 (1949). Preferably the integer or aero, y is an integer or xere, and 
«urf aLK avtm employed should haw an > fa an integer, such that n+y+x=2m+2. 

65 ffl? retiTd aCTro 5. It fa possible to Example, of these propellents are thcbloro- 
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difluoro methane ("Freon 12"X dichlorotetra- equipped with a suitable valve is nm filled 

fluoroethane ("Freon 1 14**), monochloropenta- with a propellant containing the finely-divided 

fluoroethane ('"Freon 115"), trichloromono- powder in suspension. A container may first 

fluoromethane ("Freon 11"), dichloromono- be charged with a weight amount of dry 

5 fluoromethane ( Freon 21"! monochlorodi- powder which has been ground to a predeter- 70 
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50 




methane ("Freon 13"). FropeUants with im- active agent may be triturated or homogen- 

10 proved vapor pressure characteristics may be ized first into a uniform paste, for instance, 75 

obtained by using certain mixtures of these by pestle and mortar. This paste is then dis- 

compounds, e.g. • Vieon" with "Freon 12 w or persed in the cooled houified propellant. This 

"Freon 12" with "Freon 114". For example, procedure fosters uniform wetting of the 

dichlorodifluoromethane, which has a vapor powder particles. A container may also be 

15 pressure of about 70 pounds per square inch filled by introducing powder and propellant 80 
gauge and 1,2 - dichloro - 1^2 - tetrafluoro- by the normal filling method or a slurry of 
e thane ("Freon 114", with a vapor pressure the powder in that component of the pro- 
of about 13 pounds per square inch gauge at pellant which boils above room tempera- 
70°F., may be mixed in various proportions ture may be placed in the container, the 

20 to form a propellant having an intermediate valve sealed in place, and the balance of the 85 
vapor pressure which is well suited for use in propellant may be introduced by pressure 
relatively low pressure containers. filling through the valve nozzle. On operat- 
ic is most desirable that the vapor pressure ing the valve, the powder will be dispensed 
of the propellant employed shall itself be in a stream of propellant which will vaporize 

25 between about 25 and 65 pounds per square providing aerosol -dry powder. The amount 90 

inch gauge at 70°F., and preferably between provided by each operation of the valve may 

about 30 and 40 pounds per square inch be metered according to any method known 

gauge at that temperature. A one-component in .the art Throughout the preparation of 

propellant defined for use in the composition the product care is desirably exercised to 

30 may give a composition with gauge pressures minimize the absorption of moisture where 95 

in the range of 55 to 65 pounds per square the powder is adversely affected by the water. 

Inch at 70°F., which are usable safely with This may be readily accomplished by operat- 

metal containers. The two-component pro- ing in a dehumidified atmosphere using only 

pellants, such as equal weight mixtures of dry materials and equipment ti , lflrt 

35 "Freon 12" and "Freon 11", may give gauge Suitably, nasal disorders such as allergic 100 

pressures in the range of 20 to 40 pounds rhinitis, nasal polyps, or seasonal hay fever 



per square inch at 70°F, which are usable may be treated with an aerosol formulation 
safctly with specially reinforced glass con- as discussed hereinbefore or with an atomiz- 
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tainers. * able liquid solution of flunisolide. If an 

40 It is usually desirable to keep the gas ores- aerosol is employed, the outlet will be adap- 

sure as low as possible, within the limits' red for release into the nasal passage instead 

Imposed by the desired specific gravity of the of into the mouth. Such adaptations are well 

propellant, in order to enable simple con- known in the art # 
tainers to be used safely and to prevent too A liquid solution of flumsohde on the otter 

high a pressure causing too wide a dispersal hand is readily dispensed from a flexible 110 

of the powder aerosol When stronger con- squeeze bottle or other atomizing device. The 

tainers, for example of stainless steel, can be composition of the nasal spray solution may 

used and the active solid medicament is in- suitably comprise about 0.001 to 0.1%w 

tended for pulmonary inhabtion, it is advan- Flunisoh'de, 0 to 50%w of a suitable organic 

tageous to use a propellant with a gauge solvent, 0 to 5%w suitable pharmaceutical "5 

pressure of between 40 and 50 pounds per cxdpienis, and the rernamder water. The sokh 

square inch; mis allows complete aerosohza- tion is preferably isotonic and will nave a pH 

rion before the stream reaches the back of the of about 4.0-8.0, especially pH about 5.0- 

throat Since the powder is already present 7j0. ^ lVi 

55 in the composition dispersed in the desired Suitable organic solvents include nontoxic 

particle size, there is no need for further glycols, alcohols, or compatible matures 

breakup action in the valve or applicator, so thereof. Satisfactory glycol solvents include 

valves of simple construction may be used, propylene glycol; polyethylene glycol, of 

and there is no need to provide special molecular weight (MW) 200 to 20,000; gly- 

60 nozzles and expansion chambers, as is usually cerol, butylenc glycol and hexylene glycol Of 

required when dispensing materials which are these, propylene glycol, polyethylene glycol of 

dissolved in the propeSant, or in a liquid M.W, 3,000—10,000, and rnixtures thereof 

which is emulsified with the propellant arc preferred. Suitable alcohol solvents in- 

In producing the aerosols which are useful dude isopropyl alcohol and ethanoL 
65 in the process of this invention, a container Suitable pharmaautical exdpicnts indudc 
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substances which are non-toxic and known to 
be effective in preventing microbial growths 
(preservatives), in maintaining the proper pH 
(buffering agents), in preventing oxidation 
5 (antioxidants), or in otherwise increasing or 
maintaining tie effectiveness of the solution. 

Suitable preservatives include benzaUconium 
chloride, chlorocthanol, methyl paraben, 
propyl paraben, and others known to anyone 
10 f amiliar in the art Suitable buffering agents 
include inorganic or organic acid-base pairs 
such as citrate, phosphate and tartrate, prefer- 
ably citrate buffer. Suitable antioxidants in- 
clude citric add, butylated hydroxyanisolc 
15 (BHA), butylated hydroxytoluene (BUT) and 
propyl gallate. 

A particularly valuable formulation for a 
nasal spray comprises 0.001%w to 0J01%w 
flunisolide, 0 to 20% polyethylene glycol 
20 6000, 15 to 20% propylene glycol, suitable 
exdpients 0.01 to 1.0%w, and toe remainder 
water, adjusted to pH 6.0±1.0. 

The procedure for preparing the solution 
for nasal application comprises first dissolv- 
25 ing flunisoude In me solvent, next dissolving 
the exdpients in water, and finally mixing the 
two solutions. 

Following are examples of formulations 
which are useful for use in the process of 
30 this invention. The examples are given apldy 
to be illustrative and are intended neither 
to delineate the scope of the invention nor 
limit the ambit of the appended plains. In 
the case of aerosols the formulations are repre- 
35 sensitive of flunisolide in combination with 
an effective amount of propellant (carrier) 
and surface active agents, while the nasal 
sprays are representative of typical aqueous 
formulations of flunisolide in combination with 
40 pharmaceutically effective amounts of suitable 
solvents and exdpients. All percentages are 
by weight 
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Example I— Aerosol 

Flunisolide (particle size range 

of 1 to 5 microns) 
Span 85 (sorbitan trioleate) 
Freon 11 (trichloromononuoro- 

methane) 
Freon 114 (dichiorotetrafluoro- 

e thane) 

Freon 12 (dicblorodifluoro- 
me thane) 

Example II— Aerosol 

Flunisolide, (particle size range 

of 1—5 microns) 
Span 85 
Propellant B* 



60 



♦Propellant B consists of 10% Freon 11, 
.50.4% Freon 114, 31.6% Freon 12, and 
8.0% butane. 



Example III— Aerosol 



Flunisolide 
Span 85 
Freon 11 
Freon W* 



Percent 
1.00 
025 
5.0 

93.75 



♦Freon W consists of 61.5% Freon 114 
and 38.5% Freon 12. 



Example IV— Aerosol 



nunisoUde 
Span 80 
Propellant C* 



Percent 
OiO 
0.50 

99.0 



♦Propellant C consists of 30.0% Freon 11 
and 70% Freon W. 

Example V— Aerosol 

Flunisolide 
Span 85 

Propellant consisting of 50% 
Freon 12, 25% Freon 11, 
and 25% Freon 114 



Percent 
0.88 
1.00 



98.12 



.025 
15.0 
20.0 
0.01 
0.05 
100 



Percent 

3.0 
1.0 

30.0 

41.0 

25.0 



Percent was 

0.5 
05 
99.0 
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70 



75 



80 



85 



90 



95 



100 



Example VI— Nasal Spray Solution 

Percent 

Fluni so l ide 

Polyethylene glycol 6000 
Propylene glycol 
BenzalxonJum chloride 
Citric acid (anhydrous) 
Water q.s, ad 
pH adjusted to 6.0± 1.0 

Example VII— Nasal Spray Solution 

Percent 

Flunisolide &01 
Sodium chloride <{.7 
Propylene glycol 20.0 
Benzalkonium chloride 0.O1 
Water q.s. ad 100.00 

Examp le VIII— Nasal Spray Solution 

Percent 

Flunisolide 

95% Ethanol USP 7.00 
Sodium chloride Jj * 

Benzalkonium chloride . Jffi 

Water q*s. ad 100.00 

Example IX— Preparation of Form A 
122 Grams of flunisolide, a mixture of pri- 
marily Form B with some Form A nutenal, 
was dissolved in 800 ml methylene chloride 
and filtered to remove anv solid material. To 
the resulting solution 1200 ml of isxwctane 
(2A4 - trimethyl pentane) was added and 
allowed to stand at room temperature for two 113 
hours. The resulting solution was evaporated 
to 1000 ml and allowed to stand overnight at 
room temperature. The resuting precipitate 
was filtered, dried, then analyzed via X-ray 
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diffractometer as discussed herein. The pre- to 5% by weight of pharmaceutical exdpienis, 

dpitate was found to have substaniially the and the remainder water. 65 

same X-ray diffraction pattern as set forth 14. A pharmaceutical composition accord- 
in Table A above, even after micronization. ing to daim 12 wherein the solution is iso- 
tonic and has a pH of 4.0 to 8.0. 
5 Example X— Preparation of Form A 15. A pharmaceutical composition accord- 

The same procedure as set forth in Ex- ing to claim 14 wherein the solution has a 70 
ample VII was followed except that the solu- pH of from 5.0 to 7.0. 
tion of flunisolide in methylene chloride was 16. A phanxaceutical composition accord- 
poured into the iso-octane. Upon X-ray ma to claim 12 wherein the solution com- 
10 analysis, the resulting predpitate was found pnses 0.001% to 0.01% by weight fluniso- 
to have substantially the same X-ray diffrac- lide, 0 to 20% by wdght polyethylene glycol 75 
tion pattern as set forth in Table A. 6000, 15 to 20% by weight propylene glycol, 

0.01 to 1.0% by wdght exapients, and the 

WHAT WE CLAIM IS:-— remainder water, adjusted to pH 5.0 to 7.0. 

1. A form of flunisolide having an X-ray 17. A pharmaceutical composition accord- 

15 diffraction pattern substantially as shown in ing to claim 12 substantially as exemplified 80 

Table A. herein. 

2. A form of flunisolide according to daim 18. A pharmaceutical composition accord- 
1 and of particle size less than 100 microns, ing to any one of claims 12 to 17 wherein 

3. A pharmaceutical composition compris- the flunisolide comprises the form defined in 

20 jog the form of flunisolide of claim 2 with a daim L 85 

pbarrnaceutically acceptable diluent or carrier. 19. A process for preparing the form of 

4. A phannaceutical composition according flunisolide defined in claim I which corn- 
to daim 3 wherein the diluent or carrier com- pnses contacting a rwly^rpnfc form of 
prises a Uquid aerosol propellant flunisolide with a suitable liquid halogen- 

25 5. A pharmaceutical composition according ated alkane which is not a solvent for 90 

to claim 4 wherein said aerosol propellant is flunisolide and mamtainine said contact until 

a halogenated hydrocarbon containing one or substantially all of said polymorphic form has 

more fluorine atoms or a mixture of such been converted to the crystalline form as de- 

halogenated hydrocarbons. fined in claim 1. 

30 6. A pharmaceutical composition according 20. A process according to claim 19 where- 95 
to claim 5 wherein the aerosol propellant is in said alkane is dichloroMuoromethane, co- 
selected from dichlorodifluoromethane, di- chlorotetrafluoroethane, or a mixture thereof, 
chlorotetrafluoroethane and mixtures thereof. 2L A process for preparing the form of 
7. A pharmaceutical composition accord- flunisoUde defined in daim 1 which com- 

35 ing to daim 5 wherein the aerosol propellant prises dissolving any r^lvmorphic form of 100 
consists of 50% by wdght dichlorodifluoro- flunisolide in a suitable halogenated hydro- 
methane, 25% by wdght trichloromonofluoro- carbon, Uquid solvent and crystallizing the 
methane and 25% by weight dkhkrotetra- form of flunisolide of claim 1 from said 
fluoroethane. solvent ...... 1A _ 

40 8. A pharmaceutical composition according 22. A process according to daim 21 where- 105 

to any one of daims 4 to 7 wherein the in said solvent is methylene cMuadc, 

flunisoUde Is present in an amount of from 23. A process according to claim 19 or 

0.001 to 20% by wdght of the total com- claim 21 substantially as herein described 

position. and exemplified. 

45 9. A phannaceutical composition accord- 24. A form of flunisolide as defined in 110 

ing to any one of claims 3 to 8 wherein the claim I when prepared by a process according 

flunisoUde is of particle size less than 25 m any one of clabns 19 to 22. 

microns. 25. A form of flunisolide as defi ned in 

10. A pharmaceutical composition accord- daim 1 when prepared by a process accord- 

50 ing to claim 9 wherdn the flunisolide is of- ing to claim 23. "5 

particle size less than 10 microns. 26. A pharmaceutical composition aocord- 

11. A pharmaceutical composition accord- ing to any one of claims 3 to 8 containing 
ing to daim 3 substantially as exemplified flunisoUde of daim 24. 

herein. 27. A pharmaceutical composition accord- 

55 12. A pharmaceutical comnosition cmnrms- an^Tcf claims 9 tol7 containing 120 

"^^^^^^ r^solid/of claim ^ 

60 13. A^phannaceutical composition accord- container adapted for _ 

ing to claim 12 wherdn the solution com- adimnistration of its contents by inhalation. I25 

prises 0.001 to 1% by weight of flunisolide, 29. A pharmaceutical composition accord- 

0 to 50% by wdght of an organic solvent, 0 ing to any one of claims 9 to 17 or Z7 in a 



container adapted for nasal administration or 
administration of its contents by inhalation. 

30. A container adapted for nasal adminis- 
tration or administration of its contents by 

5 inhalation, and containing a pharmaceutkally 
acceptable atomizabte liquid composition com- 
prising flunisolide. 

31. A container according to claim 30 
wherein the composition comprises 0.001% to 

10 0.1% by weight of flunisolide, 0 to 50% 
by weight of a pharmaceutical acceptable 
organic solvent, 0 to 5% by weight of phar- 
maceutical exdpicnts, and the remainder 
water. 

15 32. A container according to daim 31 
wherein the composition is an isotonic solu- 
tion. 

33. A container according to any one of 
c laims 30 to 32 wherein the composition is a 

20 solution of pH 4.0 to 8.0. 

34. A container according to daim 33 
wherein the solution is of pH 3.0 to 7.0. 

35. A container according to claim 30 
wherein the composition Is a solution com- 

25 prising 0.001 to 0.01% by weight flunisolide, 
0 to 20% by weight polyethylene glycol 6000, 
15 to 20% by weight propylene glycol, 0.01 
to 1.0% by weight exdpients and the re- 



mainder water adjusted to pH 5.0 to 7.0. 

36. A container according to claim 30 
wherein the composition comprises undissolved 
flunisolide, the undissolved flunisolide being 
of paitidc size less than 100 microns. 

37. A container according to claim 36 
wherein the undissolved flunisolide is of par* 
tide size less than 10 microns. 

38. A container according to daim 36 
wuerein the undissolved flunisolide is of par- 
ticle size less than 25 microns. 

39. A container according to any one of 
claims 36, 37 and 38, wherein the composi- 
tion is in aerosol form. 

40. A container according to any one of 
r\*im* 30 to 39 wherein the flunisolide is 
present in an amount of from 0.001 to 20% 
by weight of the total composition. 

41. A container according to daim 30 
wherein the composition is substantially as 
exemplified herein. 

MEWBURN, ELLIS & CO, 
Charteitd Patent Agents, 
70/72, Chancery Lane, 
London, WC2A IAD, 
Agents for the Applicants. 
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